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(57)Abstract: 

PURPOSE: To efficiently correct nonuniformity of the 
distribution of a refractive index by heating the peripheral 
part of a lens in a ring-like form and supplying and 
exhausting a gas in a plurality of spaces between lenses 
to linkingly operate temperature control so that the 
temperature becomes a predetermined temperature 
which is set in advance. 

CONSTITUTION: A lens space is set as lens spaces 35, 
36, 38, 39 and a gas is made to flow into there. A 
heating means for warming the peripheral part of the 
lenses is provided in lens frames 4, 7. A gas temperature 
control means 21 controls a heat exchange means 19 so 
that the gas has a predetermined temperature on the 
basis of the measured results by a thermometer. A gas 
exhausting means 22 collects the gas by an exhaust piping 16 to exhaust a fixed quantity of 
gas per unit time. The temperature control by the heating means for warming the peripheral 
part of the lenses and the gas temperature control means 21 is linkingly operated so that the 
temperature becomes a predetermined temperature which is set in advance. Thereby, the 
temperature distribution inside the lenses is always kept flat, thereby being able to suppress 
the change of the magnifying power of a projection lens and the change of distortion. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A heating means to heat at least one lens periphery which constitutes this projection optics in 
the projection aligner which carries out projection exposure of the pattern on the 1 st body side on the 
2nd body side according to projection optics in the shape of a ring, A lens temperature control means to 
control so that this lens periphery serves as predetermined temperature, A gas supply exhaust air means 
to make two or more lens space inserted into the lens which constitutes this projection optics supply and 
exhaust a gas, And the projection aligner characterized by making it interlock and operate so that it may 
become the predetermined temperature which established a gas temperature control means to control so 
that this gas serves as predetermined temperature, and set up beforehand the temperature control by this 
lens temperature control means and this gas temperature control means. 

[Claim 2] Said gas supply exhaust air means is the projection aligner of claim 1 characterized by making 
a gas supply means to make a gas supply in lens space, and a gas exhaust air means to make a gas 
exhaust connect by the duct, and circulating this gas within a sealing system through this lens space. 
[Claim 3] Said gas supply exhaust air means is the projection aligner of claim 2 characterized by having 
the laminar-flow means which makes gaseous flow a laminar flow respectively for the feed hopper 
which supplies a gas in lens space, and the exhaust port which makes a gas exhaust. 
[Claim 4] said gas — air, N2, and C02 it is — claims 1 and 2 characterized by things, or projection 
aligner of 3. 

[Claim 5] After carrying out projection exposure of the pattern on a reticle side on a wafer side 
according to projection optics, In case a semiconductor device is manufactured for this wafer through a 
development process, at least one lens periphery which constitutes this projection optics is heated in the 
shape of a ring with a heating means. It controls by the lens temperature control means so that this lens 
periphery serves as predetermined temperature at this time. Two or more lens space inserted into the 
lens which constitutes this projection optics is made to supply and exhaust a gas with a gas supply 
exhaust air means. The manufacture approach of the semiconductor device characterized by using the 
process which interlocks and operates so that it may become the predetermined temperature which set 
up beforehand the temperature control by this lens temperature control means and this gas temperature 
control means, in case it controls by the gas temperature control means so that this gas serves as 
predetermined temperature at this time. 

[Claim 6] Said gas supply exhaust air means is the manufacture approach of the semiconductor device of 
claim 5 characterized by making a gas supply means to make a gas supply in lens space, and a gas 
exhaust air means to make a gas exhaust connect by the duct, and circulating this gas within a sealing 
system through this lens space. 

[Claim 7] Said gas supply exhaust air means is the manufacture approach of the semiconductor device of 
claim 6 characterized by having the laminar-flow means which makes gaseous flow a laminar flow 
respectively for the feed hopper which supplies a gas in lens space, and the exhaust port which makes a 
gas exhaust. 

[Claim 8] said gas — air, N2, and C02 it is — the manufacture approach of claims 5 and 6 characterized 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In case this invention manufactures semiconductor devices, such as IC and LSI, 
especially, when it projects the electronic-circuitry pattern on a reticle side on a wafer side according to 
projection optics (projection lens) about the manufacture approach of a semiconductor device of having 
used a projection aligner and it, By controlling the temperature distribution inside a lens, it prevents 
effectively that the lens which constitutes this projection optics absorbs exposure light (exposure light 
energy), and becomes uneven [ the temperature distribution of this lens ], and an optical property 
changes, and a highly precise projection pattern image is obtained in it. 
[0002] 

[Description of the Prior Art] Many contraction mold projection aligners (stepper) of the step & repeat 
method which used projection optics are conventionally used for formation of the electronic-circuitry 
pattern of semiconductor devices, such as IC and LSI. 

[0003] In recent years, the further improvement in resolution, superposition precision, and a throughput 
is called for with improvement in the degree of integration of a semiconductor integrated circuit. There 
is a curvature of field of a projection lens as one factor which affects resolution among in this. 
Moreover, one factor which affects superposition precision has the image formation scale factor of a 
projection lens, and distortion. Usually, since a projection lens is assembled adjusting in a high precision 
at the time of assembly, these optical aberration is the values of design value extent once. However, in 
the time of actual equipment operation, each lens which constitutes projection optics absorbs a part of 
energy (g line, i line, KrF excimer laser, etc.) of exposure light, and, thereby, temperature distribution 
arise inside a lens. 

[0004] Distribution of a refractive index arises inside a lens by that, and the field configuration of a lens 
changes further. The phenomenon in which the optical property (a curvature of field, an image 
formation scale factor, distortion) of a projection lens changed with the causes of the both 
conventionally was pointed out from sometime past. Although ** material with high permeability is 
developed to each exposure light, when the lens number of sheets of a projection lens increases or NA of 
a projection lens becomes large, recently, there is an inclination which the aperture of a lens expands. 
For this reason, we are further anxious about this phenomenon. Moreover, structure is complicated, the 
latest LSI is in the inclination for the process that a level difference is large to also be used abundantly, 
and reservation of the depth of focus of the predetermined depth within the field angle of a projection 
lens is important. 

[0005] Furthermore, in mass-production Rhine of each LSI, in order to raise a throughput, the stepper of 
high resolution is used for a critical layer, and although resolution is low in an un-critical layer, the 
inclination using the stepper of a high throughput with a large field angle is becoming strong at it. Mix 
& Match in a model different generally In order to correspond to the process of a method, it is necessary 
to suppress fluctuation of the scale factor of a projection lens, distortion, etc. as much as possible. Thus, 
although optical-character ability makes the basis of the equipment engine performance of a stepper, the 
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number of it is one, and even if it suppresses these engine-performance change as much as possible or 

change arises, it will be important for it to establish a certain amendment means. 

[0006] The approach of passing the gas from which temperature and a pressure were controlled by 

JP,60-79357,A and JP,60-79358,A by the predetermined value as a means to amend change of this 

optical property conventionally in the interior of a room of a projection lens etc. is proposed. Moreover, 

in JP,5-347239,A, the approach which is, if possible, going to make the temperature distribution inside a 

lens the thing of homogeneity is proposed by heating the periphery of one or more lenses of a projection 

lens. 

[0007] 

[Problem(s) to be Solved by the Invention] At previous JP,60-79357,A and previous JP,60-79358,A, air 
is passed at predetermined temperature to one or more lens space of a projection lens. However, even if 
it lowered the temperature of the lens core where temperature is the highest 2 to 30 percent in our 
simulation, it was difficult to suppress aberration change to a predetermined value. The operation is 
quite difficult although the optical-character ability of a projection lens is maintainable to a 
predetermined value by lowering the temperature inside a lens uniformly to the temperature of air. Since 
it will become large-scale [ equipment, such as using a liquid for a refrigerant, for example, ] even if it 
can lower the temperature inside a lens uniformly to the temperature of air, operation is very difficult. 
[0008] Moreover, matter, such as an ammonium sulfate, is generated in exposure light and 
photochemical reaction as a result of [ its ] a lifting, a certain gas molecule in the ambient atmosphere of 
a clean room adheres to the lens front face of an illumination-light study system, and the problem that an 
image surface illuminance falls is pointed out in recent years. In the above-mentioned conventional 
example, through a HEP A filter, since the object of air cooling is a projection lens, supply of air will 
always be received in lens space from the source of air supply, and a lens will be exposed to air. 
Consequently, the above-mentioned matter may adhere to the lens front face of a projection lens, and the 
optical property of a lens may change. In that case, although what is necessary is just to perform lens 
cleaning, the trouble that decomposition that it is not easy and very large-scale, an assembly, 
readjustment, etc. are generally needed arises. 

[0009] In JP,5-347239,A, if exposure is performed, the temperature distribution of each lens of a 
projection lens are high near the optical axis, warm a lens periphery compulsorily paying attention to the 
phenomenon of becoming low in a periphery, and make temperature distribution homogeneity. 
[0010] However, with this projection aligner, the phenomenon in which it will be filled with heat in a 
projection lens can be considered. Therefore, although this heat must be made to dissipate with a certain 
means, the above-mentioned conventional example is not enough indicated about that. 
[001 1] This invention amends effectively that the lens which constitutes projection optics absorbs 
exposure light, and becomes uneven [ the temperature distribution of this lens ], and a lens configuration 
changes, and internal refractive-index distribution becomes uneven, maintains an optical property good, 
and aims at offer of the manufacture approach of the semiconductor device using the projection aligner 
and it from which the projection pattern image of high resolution is obtained. 
[0012] 

[Means for Solving the Problem] 

(1-1) A heating means to heat at least one lens periphery which constitutes this projection optics in the 
projection aligner to which the projection aligner of this invention carries out projection exposure of the 
pattern on the 1 st body side on the 2nd body side according to projection optics in the shape of a ring, A 
lens temperature control means to control so that this lens periphery serves as predetermined 
temperature, A gas supply exhaust air means to make two or more lens space inserted into the lens 
which constitutes this projection optics supply and exhaust a gas, And a gas temperature control means 
to control so that this gas serves as predetermined temperature is established, and it is characterized by 
making it interlock and operate so that it may become the predetermined temperature which set up 
beforehand the temperature control by this lens temperature control means and this gas temperature 
control means. 

[0013] Said especially gas supply exhaust air means makes a gas supply means to make a gas supply in 
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lens space, and a gas exhaust air means to make a gas exhaust connect by the duct. Circulating this gas 
within a sealing system through this lens space and said gas supply exhaust air means have the laminar- 
flow means which makes gaseous flow a laminar flow respectively for the feed hopper which supplies a 
gas in lens space, and the exhaust port which makes a gas exhaust, and said gas — air, N2, and C02 it is 

— it is characterized by things etc. 

[0014] (1-2) The manufacture approach of the semiconductor device of this invention After carrying out 
projection exposure of the pattern on a reticle side on a wafer side according to projection optics, In case 
a semiconductor device is manufactured for this wafer through a development process, at least one lens 
periphery which constitutes this projection optics is heated in the shape of a ring with a heating means. It 
controls by the lens temperature control means so that this lens periphery serves as predetermined 
temperature at this time. Two or more lens space inserted into the lens which constitutes this projection 
optics is made to supply and exhaust a gas with a gas supply exhaust air means. In case it controls by the 
gas temperature control means so that this gas serves as predetermined temperature at this time, it is 
characterized by using the process which interlocks and operates so that it may become the 
predetermined temperature which set up beforehand the temperature control by this lens temperature 
control means and this gas temperature control means. 

[0015] Said especially gas supply exhaust air means makes a gas supply means to make a gas supply in 
lens space, and a gas exhaust air means to make a gas exhaust connect by the duct. Circulating this gas 
within a sealing system through this lens space and said gas supply exhaust air means have the laminar- 
flow means which makes gaseous flow a laminar flow respectively for the feed hopper which supplies a 
gas in lens space, and the exhaust port which makes a gas exhaust, and said gas - air, N2, and C02 it is 

— it is characterized by things etc. 
[0016] 

[Example] The important section schematic diagram of the example 1 of the projection aligner of this 
invention, drawing 2 , and drawing 3 of drawing 1 are some explanatory views of drawing 1 . In this 
drawing, 51 is a reticle and the electronic-circuitry pattern is formed on the field. 51a is a reticle stage 
and is carrying out adsorption maintenance of the reticle 51. 50 is an illumination system, has excimer 
laser or an ultrahigh pressure mercury lamp, masking equipment, etc. as a light source means, and is 
illuminating the electronic-circuitry pattern on the 51st page of a reticle by uniform illumination 
distribution with exposure light. 

[0017] PL is projection optics (projection lens) and has projected the electronic-circuitry pattern on the 
51st page of the reticle illuminated with the exposure light from an illumination system 50 on the 27th 
page of a wafer for the predetermined scale factor (for example, 1/5 or 1/10). As for the wafer 27, 
sensitive material, such as a resist, is applied on the field. 28 is a wafer chuck and is carrying out 
adsorption maintenance of the wafer 27. 29 is a wafer stage and the XYZ direction and theta, and a tilt 
drive are possible for it in a wafer 27. 

[0018] Each lens with which 2 constitutes a projection lens barrel and 9-14 constitute the projection lens 
PL respectively, and 3-8 are lens frames which contain lenses 9-14 and are held. 35-40 are lens space 
formed with each lens. In this example, the temperature distribution by exposure luminous energy 
absorption of each lens at the time of exposure and a form status change form are calculated beforehand, 
and curvature-of-field fluctuation of the projection lens PL, scale-factor fluctuation, and distortion 
fluctuation are especially asked for the large lens of contribution. 

[0019] In this example, the lens is set to 10 and 13 for convenience. Therefore, lens space into which a 
gas is made to flow in this example is made into lens space 35, 36, 38, and 39. And a heating means to 
warm a lens periphery is formed in the lens frames 4 and 7. 18 is a gas supply means, and it is adjusted 
so that the gas (air, N2, and C02) may be made to flow into lens space 35, 36, 38, and 39 and the gas of 
constant flow may flow into each lens space per unit time amount beforehand at this time. 19 is a heat 
exchange means and is adjusting the gas sent from the gas supply means 18 to predetermined 
temperature. 20 is a HEPA filter (High Efficiency Particulate Air filter), and has removed the gaseous 
dust sent from the heat exchange means 19. 

[0020] 17 is a thermometer and is measuring the temperature of the gas which has passed HEPA filter 
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20. 21 is a gas temperature control means (temperature control means A) 5 and it is controlling the heat 
exchange means 19 so that a gas becomes predetermined temperature based on a measurement result 
with a thermometer 17. The precision of gaseous temperature control is **3/100 degree C. 15 is a 
charging line and is sending into lens space the gas by which temperature control was carried out. 16 is 
an exhaust pipe arrangement, passes lens space 35, 36, 38, and 39, and is collecting the gases which 
have cooled lenses 10 and 13. 22 is a gas exhaust air means, the exhaust pipe arrangement 16 is 
recovering the gas, and the gas of a constant rate is exhausted per unit time amount. The gas supply 
means 18 and the gas exhaust air means 22 constitute an element of a gas supply exhaust air means. 1 is 
circulation piping (duct) and has sent again to the gas supply means 18 the gas collected by the gas 
exhaust air means 22. 

[0021] He is trying for the matter which he is trying for a gas to always circulate through the inside of a 
closed system through lens space 35, 36, 38, and 39 by the circulation piping 1, and causes a 
permeability fall on the lens front face of projection optics PL by this not to adhere in this example. 23 is 
a current supply source means as an element of a heating means, and in order to make the temperature 
distribution of a lens 10 and the 13 interior into a flat, it supplies the current to the heater of the lens 
frames 4 and 7. 

[0022] 24 is controlling the current supply source means 23 to become predetermined temperature based 
on the measurement result of the thermometer (un-illustrating) which is a lens temperature control 
means (temperature control means B), and was embedded in the lens frames 4 and 7. In addition, the 
lens frames 4 and 7 show the detail in drawing mentioned later. 3 1 is a stage driving means and is a 
control means for positioning a wafer 27 to a position. 25, 26, and 30 are the well-known focal location 
detection systems for measuring the height of a wafer 27 under the projection lens PL, among these 26 is 
floodlighting optical system and 25 is light-receiving optical system. The light emitted from the 
floodlighting optical system 26 carries out incidence of the 27th page of the wafer by the low incident 
angle, and it reflects on the 27th page of a wafer, and it carries out incidence to the light-receiving 
optical system 25. The command is taken out to the stage driving means 31 so that it may become a 
position about the height of the field of a wafer 27 with the focal position control means 30 in the 
incidence location. 

[0023] 33 is an operation means, calculates the desired value of the temperature control of gas 
temperature and lens ambient temperature for every exposure process based on the value which was 
interlocked with the timer 32 and memorized by memory 34, and has sent them to the temperature 
control means A21 and the temperature control means B24. The operation means 33 is taking out 
desired value to the focal position control means 30 similarly based on the value which was interlocked 
with the timer 32 and memorized by memory 34. 

[0024] Drawin g 2 is an about ten lens [ of drawing 1 ] schematic diagram. In order to suppress the 
thermal expansion by heating of a lens periphery in this drawing by the main members which 45 is a 
lens frame ring and constitute the lens frame 4, the low-fever expansive additive is used. 43 is a ring-like 
heater and is warming the lens periphery. 

[0025] 42 is a ring member, in order to tell the heat from a heater 43 to a lens, it consisted of the 
member with sufficient thermal conductivity, and it is stuck to the heater 43. 44 is a thermometer, and in 
order to measure the ambient temperature of a lens, it touches the lens. 41 is a presser-foot ring, is fixing 
the heater 43 and the ring member 42 to the lens frame ring 45, and constitutes them from a low-fever 
expansive additive. The lens 10 is heating the lens circumference with the heater 43, a front face being 
cooled by the inflow gas as shown in drawing, and, thereby, the temperature distribution are a flat like 
the profile 81 of drawing 8 . 

[0026] Drawing 3 shows the about ten lens [ of drawing 1 ] top view, and shows near the lens space 
inflow of a charging line 15 and an exhaust pipe arrangement 16 especially. 

[0027] As shown in this drawing, the charging line 15 and the exhaust pipe arrangement 16 are divided 
into two forks near lens space. 52 is a lens-barrel and has made the hole for piping of a charging line 15 
and an exhaust pipe arrangement 16. Furthermore, in gas input (gas feed hopper) and a gas exhaust port, 
controlled the flow of the gas in lens space to the laminar flow, and the cooling gas was made to flow 
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uniformly, and in order to collect, the punching plates (laminar- flow means) 60-63 of about 30 - 40% of 
numerical apertures are formed. 

[0028] If it is the structure where a lens-barrel 52 can make a to some extent big hole in a side face in 
this example, a configuration like drawing 9 is also possible. 

[0029] In drawing 9 , 64 is a lens-barrel in this case, 65 is a charging line in this case, and 66 is an 
exhaust pipe arrangement in this case. And the punching plates 67 and 68 are attached in gas input and a 
gas exhaust port like drawing 3 . Thus, since gaseous flow is a laminar flow whether particle flows in 
lens space by forming the laminar-flow means which makes flow of a punching plate etc. a laminar flow 
in input and an exhaust port or particle occurs within lens space or, he is trying to be promptly 
discharged besides lens space. 

[0030] In addition, although the lens which makes the temperature distribution inside a lens a flat was 
used as two lenses, 10 and 13, in this example, it is not what the number of sheets of the target lens fixed 
according to the class of projection lens PL. 

[003 1] Next, before explaining actuation of this example using the flow chart of drawin g 4 , the 
description of the fundamental requirements for a configuration of this invention is explained. 
[0032] In the projection aligner of this invention, at the time of exposure, when each lens absorbs a part 
of exposure light, in a lens, near a lens core is high and the temperature distribution that a lens periphery 
is low produce it. In our simulation, if it think with the view of change of optical character ability, the 
direction which made the inclination of the distribution the flat if possible rather than lower the absolute 
value of the temperature in a lens, i.e., the conclusion [ it be / aberration change of a projection lens / 
more moderate to lower the temperature based on lenses and to raise the temperature of the lens 
circumference, and ] that there be also few the extent, be obtain. 

[0033] Drawin g 8 is the explanatory view of temperature distribution radial [ in a lens ]. If it will be in 
equilibrium thermally after equipment will start exposure, if drawing 8 is explained, the temperature 
distribution in a lens will become like a curve 80. If the air for air cooling (air) is passed to lens space in 
this condition, it will become like the temperature distribution of a curve 82. Furthermore, the profile of 
the temperature distribution at the time of applying heat to it and coincidence a little around a lens 
becomes like a curve 81, passing air on a lens, in order to make the inclination of the temperature 
distribution of a lens into a flat. Although the absolute value of the temperature of a curve 81 is higher 
than the temperature of a curve 82 at this time, change of the optical-character ability of a projection 
lens has less direction in the case of a curve 81 than the case of a curve 82, and the fact that that 
aberration is a good nature is acquired by simulation. 

[0034] In order to carry out temperature control of the temperature distribution inside the lens produced 
by the exposure absorption of light based on such a basis so that an inclination may decrease if possible, 
heat is applied so that the periphery of the lens may become predetermined temperature about the gas 
controlled by predetermined temperature in the space of the lens spacing to a certain specific lens at a 
sink, and it and coincidence, and each temperature is independently controlled by this invention. 
[0035] The following means are taken in fact. The temperature distribution by the energy -absorbing of 
each lens at the time of exposure and a form status change form are beforehand searched for by an 
experiment and simulation, and the amount contributed of each lens of aberration, such as curvature-of- 
field fluctuation of a projection lens and scale-factor fluctuation, is calculated. The lens greatly 
contributed to aberration fluctuation based on the result is specified. The lens may be plurality, if there is 
also a case of one sheet by the class of projection lens, lighting, etc. A heating means to heat the 
periphery of a lens in the shape of a ring in the lens, a measurement means to measure the temperature 
of the periphery of a lens, and a lens temperature control means to control a lens periphery to 
predetermined temperature based on a measurement value are established. 

[0036] Furthermore, a base supply exhaust air means to make a gas flow into the space of lens spacing 
of the target lens, and to exhaust, and a measurement means to measure the temperature of the gas made 
to flow and a gas temperature control means to control a gas to predetermined temperature based on a 
measurement value are established. In order to, make the temperature distribution inside a lens into a flat 
if possible, in the case of actual exposure, the above-mentioned temperature of the lens circumference 
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and the temperature of the gas made to flow in lens space are interlocked, and it is controlled by 
exposure process parameters, such as reticle permeability, exposure energy, and the exposure time per 
shot, and the control value beforehand calculated by count and experiment to coincidence. Moreover, he 
is trying for the gas flowed and exhausted to always circulate through the inside of a closed system 
through lens space by connecting a gas supply means and a gas exhaust air means by the duct. 
Furthermore, the gas made to flow in lens space is N2 and C02 besides air. It is also possible to use an 
inactive gas [ like ]. 

[0037] Without making the matter which causes a permeability fall on the lens front face of projection 
optics by taking such means adhere, scale-factor fluctuation of the projection lens by exposure luminous 
energy absorption of the lens at the time of the exposure which is one factor which affects the 
superposition precision of equipment, and distortion fluctuation are controlled effectively, and the 
projection aligner which can aim at improvement in superposition precision is offered. Moreover, since 
curvature-of-field fluctuation of a projection lens can also be effectively suppressed to coincidence, also 
in a process with many level differences, the depth of focus has been secured sufficiently long within a 
lens field angle. Next, actuation of this invention is explained using the flow chart of drawing 4 . 
[0038] The extra-high pressure mercury lamp within an illumination system lights up first (100). Next, 
the gas supply means 18 and the gas exhaust air means 22 start actuation, and a predetermined gas is 
sent into lens space 35, 36, 38, and 39 (101). The sent-in gas was recovered by the gas exhaust air means 
22, circulated through the inside of a closed system after that, maintained the always pure condition, and 
has controlled the temperature of lenses 10 and 13. Since exposure is not started yet, the temperature 
TOgas of the inflow gas at this time (initial temperature) and the lens periphery temperature TOlens are 
controlled by the standard temperature which is whenever [ chamber internal temperature / of 
equipment ] (102). Next, a wafer 27 is set to initial focal location ZOstg beforehand memorized by 
memory 34 by the focal position control means 30 and the stage driving means 31 (104). Count counter 
of exposure deltaN is set to 0 (105). 

[0039] Next, global alignment of the wafer is carried out and alignment of the wafer is carried out to the 
1st shot coordinate (106,107). In advance of exposure, diagnosis whether to be larger than constant 
value with the product of the exposure energy Eexpo in a current exposure process, the reticle 
permeability Rrtcl, and count counter of exposure deltaN (this time 0) to the exposure time Texpo and 
current or small is carried out here (108). This is for making a judgment whether the exposure energy 
accumulated in the projection lens needs to affect the optical property of a projection lens, and needs to 
control the inflow gas temperature Tgas and the lens ambient temperature Tlens (with [ though natural ] 
no need for control at this time). This diagnostic step 108 is completed, 1 is added to count counter of 
exposure deltaN (112), the shutter in an illumination system opens (113), and when a shutter closes, the 
1st (1 14)-shot exposure is completed. 

[0040] Next, a stage 29 moves to a predetermined coordinate according to the measurement value of 
global alignment for the 2nd shot (107). The value of count counter of exposure deltaN is set to 2 
through the diagnostic step 108 (1 12), and the 2nd-shot exposure is completed by actuation (1 13,1 14) of 
shutter closing motion. If actuation of these single strings is repeated several times, a part of exposure 
luminous energy will be gradually accumulated in a projection lens, and an optical property will change. 
When it becomes more than the constant value which has the value of E-R-T-delta N according to the 
diagnostic step 108, optical-character ability amendment actuation is started in advance of exposure. 
That is, it is the gas temperature Tgas so that the temperature distribution of a lens 10 and the 13 interior 
may become a flat with a temperature control means A21 to control gaseous temperature, and a 
temperature control means B24 to control the temperature of the lens circumference. The lens ambient 
temperature Tlens is controlled by the predetermined value (109). 

[0041] However, although it is effective in suppressing fluctuation of the scale factor of a projection 
lens, distortion, and a curvature of field, since focal location fluctuation cannot be followed, this control 
is predetermined height Zstg by the focal position control means 30. A wafer 27 is controlled (110). 
These three control-command values Tgas, Tlens, and Zstg Beforehand, although it differs in each 
exposure process, since simulation and an experiment memorize by memory 34 as a multiplier to optical 
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property change, it is calculated by them for every exposure process of the with the operation means 33, 
and is sent to these control means 21, 24, and 30 by them. After these three control is completed, the 
count counter of exposure is reset by 0 (1 1 1), and the usual exposure actuation is started again 
(112,113,114). 

[0042] Exposure actuation progresses a projection lens maintaining an always good optical property 
repeating actuation of these single strings, exposure of all shots — ending (115) — it is exchanged in a 
wafer (116), return and exposure actuation of the 2nd sheet of a wafer are again started by the step of the 
wafer alignment 106, and the same actuation as henceforth is repeated. 

[0043] Without making the matter which causes a permeability fall on the lens front face of projection 
optics by taking such a comparatively simple configuration in this example adhere, scale-factor 
fluctuation of the projection lens by exposure luminous energy absorption of the lens at the time of the 
exposure which is one factor which affects the superposition precision of equipment, and distortion 
fluctuation are control effectively, and the projection aligner which can aim at improvement in 
superposition precision is provide. Moreover, since curvature-of-field fluctuation of a projection lens 
can also be effectively suppressed to coincidence, the effectiveness that the required depth of focus is 
securable within a lens field angle also in a process with many level differences has been acquired. 
[0044] The important section schematic diagram of the example 2 of the projection aligner of this 
invention, drawin g 6 , and drawing 7 of drawing 5 are some explanatory views of drawing 5 . As a result 
of calculating the temperature distribution by exposure luminous energy absorption of each lens at the 
time of exposure, and a form status change form beforehand, this example is suitable when optical 
property change of curvature-of-field fluctuation of a projection lens, scale-factor fluctuation, etc. is 
almost equivalent with each lens. 

[0045] The part from which this example differs greatly compared with the example 1 of drawing 1 is 
having used light for the heating means of the lens circumference. In addition, in drawing 5 , the same 
number is attached about the same member as the example 1 of drawing 1 . 

[0046] In drawing 5 , 92 and 93 are 45-degree mirrors respectively leaned to 45 degrees. 90 and 91 are 
the ring lighting sections and are illuminating the periphery of each lens of the projection lens PL in the 
shape of a ring through the 45-degree mirrors 92 and 93. Therefore, 90 degrees of directions are changed 
by the 45-degree mirrors 92 and 93, and the illumination light emitted from the ring lighting sections 90 
and 91 reaches a wafer 27, penetrating only the periphery of the projection lens PL. Moreover, these ring 
lighting sections 90 and 91 consist of optical system for a halogen lamp and lighting, and the filter has 
removed the light of the wavelength near exposure light, and he is trying not to expose it to the resist 
applied to the wafer 27 by this beforehand. 

[0047] Moreover, in drawing 5 , although only 2 sets is illustrating these ring lighting sections 90 and 91 
and the 45-degree mirrors 92 and 93, the four ring lighting sections and 45-degree mirrors are arranged 
so that the periphery of the projection lens PL can be illuminated in practice. Moreover, it needed to 
flow the cooling gas into all the lens space 35-40, and in order for the heating means of this lens 
circumference to be effective against all the lenses of the projection lens PL, as shown in drawing, it has 
prepared charging line 15a and exhaust-pipe-arrangement 16a. The temperature control means B24 is 
acting as the monitor of the temperature about each lenses of all of PL of a projection lens, and he 
adjusts the reinforcement of the optimal halogen lamp and is trying for the temperature distribution 
inside each lens to become a flat by controlling current supply source means 23a of the ring lighting 
sections 90 and 91 based on the control value beforehand calculated by count and experiment. 
[0048] Drawing 6 is the top view which looked at arrangement of the ring lighting section of drawing 5 , 
and 45-degree mirror from the upper part of the projection lens PL. In this drawing, 90, 92, 93, 91 and 
94, and 4 sets of 96, 95 and 97 are arranged, and the ring lighting section and 45-degree mirror are 
illuminating the projection lens PL. Of course, this number of combination does not remain in 4 sets, but 
6 sets or 8 sets are sufficient, and more ones can illuminate a lens in the shape of a ring more equally. 
[0049] Drawing 7 is drawing corresponding to drawin g 2 of an example 1, and expresses the lens frame 
4. 45in drawing a is a lens frame ring, and touches the thermometer for measuring the ambient 
temperature of a lens by the main members which constitute a lens frame. 
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[0050] In this example, in order to use the ring lighting which used light for the heating means of the 
lens circumference, a lens frame does not need to take a complicated configuration like an example 1, 
and has the features of ending with an easy configuration. Since a lens 10 is warmed [ and ] by non- 
exposing light in the circumference, a front face being cooled by the inflow gas as shown in drawing, the 
temperature distribution will become a flat like the profile 8 1 of drawin g 8 . Moreover, it is only a 
control-command value to the ring lighting section that the actuation of equipment based on this 
example is mostly proportionate to actuation of an example 1, and there is modification. 
[0051] Since the internal temperature distribution of all lenses can be collectively controlled when the 
rate of effectiveness of each lens to optical property change of the projection lens by the exposure 
absorption of light is same extent by taking a configuration like this example, optical property 
fluctuation of a projection lens can be suppressed easily. Moreover, it is not necessary to take the 
thermal expansion of a lens-barrel into consideration and, and since it is not necessary to embed a heater 
to the interior of a lens frame, and the configuration of a lens frame is easy, there is an advantage of 
assembly, being able to adjust about a projection lens by the same approach as the former. 
[0052] When it differs the whole projection lens as an approach to use two examples properly in the 
examples 1 and 2 of the projection aligner of this invention explained above, and the amount contributed 
of each lens to optical property change of a projection lens is beforehand calculated by count, 
consequently being inclined toward the specific lens, it is good to use an example 2 using an example 1, 
when the amount contributed is same extent with each lens comparatively. 

[0053] Next, the example of the manufacture approach of a semiconductor device (semiconductor 
device) of having used the aligner which gave [ above-mentioned ] explanation is explained. 
[0054] Drawing 10 shows the flow of manufacture of semiconductor devices (semiconductor chips, such 
as IC and LSI, or a liquid crystal panel, CCD, etc.). The circuit design of a semiconductor device is 
performed at step 1 (circuit design). The mask in which the designed circuit pattern was formed is 
manufactured at step 2 (mask manufacture). 

[0055] On the other hand, at step 3 (wafer manufacture), a wafer is manufactured using ingredients, such 
as silicon. Step 4 (wafer process) is called a last process, and forms an actual circuit on a wafer with a 
lithography technique using the mask and wafer which carried out [ above-mentioned ] preparation. 
[0056] The following step 5 (assembly) is called a back process, is a process semiconductor-chip-ized 
using the wafer produced by step 4, and includes processes, such as an assembly process (dicing, 
bonding) and a packaging process (chip enclosure). At step 6 (inspection), the check test of the 
semiconductor device produced at step 5 of operation, an endurance test, etc. are inspected. A 
semiconductor device is completed through such a process and this is shipped (step 7). 
[0057] Drawing 1 1 shows the detailed flow of the above-mentioned wafer process. The front face of a 
wafer is oxidized at step 1 1 (oxidation). An insulator layer is formed in a wafer front face at step 12 
(CVD). At step 13 (electrode formation), an electrode is formed by vacuum evaporationo on a wafer. 
Ion is driven into a wafer at step 14 (ion implantation). A sensitization agent is applied to a wafer at step 
15 (resist processing). At step 16 (exposure), printing exposure of the circuit pattern of a mask is carried 
out at a wafer with the aligner which gave [ above-mentioned ] explanation. 

[0058] The exposed wafer is developed at step 17 (development). At step 18 (etching), parts other than 
the developed resist image are shaved off. The resist which etching ended and became unnecessary is 
removed at step 19 (resist exfoliation). A circuit pattern is formed on a wafer by carrying out by 
repeating these steps multiplex. 

[0059] If the manufacture approach of this example is used, the semiconductor device of a high degree 

of integration for which manufacture was difficult can be manufactured conventionally. 

[0060] 

[Effect of the Invention] Even when the lens which constitutes projection optics by taking the above 
configurations absorbs exposure light according to this invention, the aberration change was amended 
effectively, the optical property was maintained good, and the manufacture approach of the 
semiconductor device using the projection aligner and it from which the projection pattern image of high 
resolution is obtained is attained. 
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[0061] Temperature distribution [ especially according to this invention ] according beforehand to 
exposure light energy absorption of each lens at the time of exposure, Calculate the form status change 
form, calculate the amount contributed of each lens to fluctuation of the optical property of a projection 
lens, and a lens periphery is heated in the shape of a ring to predetermined temperature in or more one 
lens based on the result. By flowing, exhausting the gas of predetermined temperature to the lens space 
of these lenses, interlocking these two temperature, and controlling It is one factor which becomes 
possible [ always maintaining the temperature distribution inside a lens at a flat ], and affects the 
superposition precision of equipment. Scale-factor fluctuation of the projection lens by exposure 
luminous energy absorption of the lens at the time of exposure and distortion fluctuation can be 
controlled, and the projection aligner which can aim at improvement in superposition precision can be 
offered. 

[0062] Moreover, since curvature-of-field fluctuation of a projection lens can also be effectively 
suppressed to coincidence, also in a process with many level differences, the required depth of focus is 
securable within a lens field angle. Moreover, since the gas to cool circulates through the inside of a 
closed system and it can suppress the reacting matter generation by the photochemical reaction of a 
certain molecule in exposure light and an ambient atmosphere, it has attained the projection aligner with 
the effectiveness of being able to prevent adhesion of the matter leading to a permeability phenomenon 
on the lens front face of projection optics. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The important section schematic diagram of the example 1 of the projection aligner of this 
invention 

[Drawin g 2] Some explanatory views of drawing 1 
[Drawing 3] Some explanatory views of drawing 1 

[Drawing 4] The flow chart of the example 1 of the projection aligner of this invention 

[Drawing 5] The important section schematic diagram of the example 2 of the projection aligner of this 

invention 

[Drawing 6] Some explanatory views of drawin g 5 
[Drawing 7] Some explanatory views of drawing 5 

[Drawing 8] The explanatory view for explaining the temperature distribution inside a lens 
[Drawing 9] The explanatory view which transformed a part of drawing 3 

[Drawing 10] The important section block diagram of the manufacture approach of the semiconductor 
device of this invention 

[Drawing 11] The flow chart of the manufacture approach of the semiconductor device of this invention 

[Description of Notations] 

PL Projection lens 

9-14 Lens 

35-40 Lens space 

3-8 Lens frame 

50 Illumination System 

1 Circulation Piping 

2 Lens Barrel 

51 Reticle 

18 Gas Supply Means 

19 Heat Exchange Means 

21 Temperature Control Means A 

20 HEPA Filter 

22 Gas Exhaust Air Means 

23 23a Current supply source means 

24 Temperature Control Means B 
27 Wafer 

26 Floodlighting Optical System 

25 Light-receiving Optical System 

30 Focal Position Control Means 

3 1 Stage Driving Means 
33 Operation Means 

43 Heater 
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52 64 Mirror which input and an exhaust port attached 

44 44a Lens thermometer 

45 45a Lens frame ring 

67 60-63, 68 Punching plate 

90, 91, 96, 97 Ring lighting section 

92-95 45-degree mirror 



[Translation done.] 
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[ 0 0 3 0 ] ft*mMMXiZU yXf^^MM^7 
v^h ic-TS^vXtel Oil 3(02 ^vyXi: b/c 

[0031] m^mMm(owjff^m4 (oyu—^-^ — 
[0032] *mw<D&mmytmmz&\<^xiz. myt 

<7>^£_Bf6 ^^V>-X(Ol|X^^b^^^-T^ 
[ 0 0 3 3 ] 1218 ^^X^O^^rS]^^^^ 

0^0x^60 Els zmw-tzt »1M«IT^ 

0 £>ji9 tt^o :^tiT^yx^c^^^ 
r ( a» £fit-r<t fti^s 2 co^^^ct 9 (^6 0 

XC^itoo, J^0#(c^ ^Xc^^i-^ 

^AP^fc^cO^^O^C2^T^^fift^8 1 cz> 
J: 9 iw^^o rcOB#fti^8 1 (D^<DmMmn^8 2 

mm&m 2 co^j; 9 mm 1 <o^<r>^t^>ta 

< . Ro*:<D\&m-£&&XhZ k V^5 **a s ^ al/- 
[ 0 0 3 4 ] *58WT*ttr.O<t5 3&«te^S<5%, Bft 



[0035] jaRicw:KT<o#««:i ^m^tm(o 

< ^-rsi^X^^-rSo ^^i/>X|j:^uyx 

[ 0036] Mtc^^-ra^vx^uv-xr^fiico^ 
^^m^^mn-r^m^mmm^t. ^a£ 

*i«rBT3e«>ia«^«i»i-« «mufH*p#«*: Sri*** 

h -CoftCr fc«^J:D tl^yX»^lt^f:i 
[ 0 0 3 7 ] r 9 ^#IS;^^ 5 r t \z£ *) 

»mtv^ 0 x^cM^x^tigftf 

[ 0 0 3 8 ] *rfiaM»rt©jBi«ffi7k«7 V^S^LW-t- 
5(100). 2k^^^#t^^i 8 t ftfl#«#JI:2 
2 2)W»U> ^^f|3 5, 3 6, 3 8, 3 9 

tzmf£0>*Lt*&T&> ( i o i ) . m &titiit 
rt^rti^u. Mric****!!*^, uyxi 0,13 

^TOgas( «]»!?aft) t U ^XJ^i2$B?&&TOIenste£/c 

swwstc:®]^ ( i o 2 ) 0 ^2 7 it 
mtmmmm^&a o s ^-^mwj^m na^ 
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£ th& ( 1 O 4 ) 0 il^lEl^^ AN£rO fr-fer^/ h 
t5(105) . 

[ 0 0 3 9 ] i^r^/^^u — /^77^f> >h & 
tlx ^ xy^^i v/ 3 o, |, 1^(^77 -f^ Vl> ^ ^ 

( 1 0 6,1 0 7). zzx-mitizfttt^ m&nmyt 
rtci, Ht^^t expo^ x<Dmytmm^ V > 

^ AN ( ~ <Dm&x*teo ) <o^&5 — /tfHJ; 9 t> 
v^vh$ v*§ mm&-tz> (108), rixfiSK 

^tc^Sr^^L^A^^STgas. WXJ^iaifi* 

b) o :^Pry7 , 10 8«7l, «*IeI»^^ 
AN in £2ro;t (112) , RlUflSSrtlcfcS ->^r 2/ 
* — (113),^^ 6wi:iao 
X ( 1 1 4 ) Ili/ayf (7)IB^Tta o 
[ 0 0 4 0 ] #clc^^r— v>2 9 &%2. i/a y h CD&IC^ 

iti-ra ( i o 7 ) „ nm**ry xi o 8 ^mxm^tmw: 

t>V^? AN<Ofg£r2 l:t( 112) N fwf—mffi 
<onm 113, 114) \Z± *) %2 i/s y h 0»3fedS 

m^ts^^vxtr^^^to^^/^— <r>— «s*s«a& n 

)fefTO5Mlt< 5„ f£#r*:r ;y:/l 0 8 {r^oT 
E - R - T- ANOt^- ^££LkK:ftofc4frg\ 

^Wt5^M^A2 1 i:u>XJgia<z>ifi££: 
Wftl-f-S ^3f]$]#J£B 2 4 fcl«fc «9 l/VXl 0, 13^ 

tis^xmmu&T\ensd>m7E<D{m^fflm£foz> ( i o 

9) . 

[ 0 0 4 1 ] L^br OfilWiiftKuvXtDffiFSp, 31 

«ae»Kittii«-e&ttv^* % §^ttiaH«i#g3 o 

«t 19 ^T^i^^ Z stg r> oi/n2 7 &ffiffl£ 1 1 

0) o m^03 o0>©J»Jf«£«Tgas f T lens, Z st 

^34 icj: «9 !Eft£ HXV^ fc#>ttJMMfc3 3 (CJ: t> 
^(7)^7fe^ir^^tcftg[^tbX- : enib^JP^2 l , 
2 4, 3 0 (clb*v5c r *v*>3 o<DfflW&»T'tZ>£ 

mmw& ^^^o i^t^$n(ni) , nx* 
m^(omytmmcA^>xK (112, 113, 11 
4) . 

[ 0 04 2 ]:^ -m<0®ft&m 3£b ftjftSfe 

tfo £v"a ^ h ^l7t^H7t5 (115) t 

tb( 116) , SW^^r^^ yM06O 
XtC^ s 2 tfelO?3iy>0«*iliff3ftSBI»$ 



[0043] *j*fc«-ef±r *>J:5 &J£««fl5fiftflta8; 
t let 9 «»*^©u>X*ffi(caa*(ST 

t>Ttffim£&&%&&-f— iBt*$)S flR*B#ou>x<o 
»3fe3fe<03i^y^-»i|X^ J: 6 >-X 
^ft^«S:a*«j^«i«iJb. S*a^*«f«toifij±5:tt 

Jc8»v ^X(o«®»ft*»Tb 3b*ttKH)*.5 n t &x* 
£5fc#> s ^ig^^l^Xnir^c^v^X^i^XM^p^ 

[ o o 4 4 ] ins n*mw<D&Bmytmw0>mmm2 <r> 

^ 0 *II^JI±^*«3t^#U^XoSl3fe*«>3i*^ 
[ 0 0 4 5 ] ^HJfe^ttiai (O^^Jl {Clt-<XA^< 

W»fii^>X^ia<o*p^@:^3t«rfflv^fcr. «h X 
fcSo i^IM5 {cjoV>X|g]l coH^Jl <t [sjb^ticov^ 

[ 0 0 4 6 ] [215 i^^V^X9 2,9 3 te&*4 5 ° 
itfc4 5 ° ^ 7-t?fc5 0 9 0, 9 1 liy V^R8^$BX 
$)^45° ; 7-9 2, 9 3 ^ItW^yXPL 
K)#W^X(7>^iaffl5«ry ^MWttV^ 8 tot 
!J ^^RBW»9 0,91 ^«bfcRS^)ttt4 5 ° ^ y 
—9 2, 9 3 T«90° ^TLhfr, ^yXPL 
C0^ia$P<O^Sigb^^^^N2 7 (Cit-T^o 
coy >-^R^0^^59 0,9 1 fe^vy*Z/7Zszfhffi$\m<D 

\T74 tcJ:oXI^5febX*3!9 , wixtcj;!?^^ 

2 7 l-^ftT£ nfci/^F Wi«3feb?fcv^J:9 i-bxv^ 

[ 0 0 4 7 ] XH5 T?fir <7>y ^^ffi^|fP9 0 , 9 1 t 
4 5° ^ 7-9 2, 9 3 IZ2 labrtMSI^b X W£V^ 

coy y»N5° 5 7-iiSBEB$tbXV>5o 

vX^ia^»DS»^Sfi»f^u^Xp l (D^i/ >Xk: 
^SlV>X< 5fc«>, ^XcOV>-X^3 5—4 0 |£?&23J£C 

^i^A-r^^^^t) , igtoj:.5 ic^iai^i 5a t 

mimm 6 a SrtaitTV^o IUt«lP¥ftB2 4 tt» 
^U^Xcop L co^-i^vX^XlcoV^X^^^^:^- 
*-bT*5tK ^tf-S:, *Httnj:5 *«>X*5V^fcllP]*p 

MlC^^y ^^BR^»9 0,91 0««£«*&^2 3 
OSMESrlMEb. ^^Xp^^^S^^^y 3/ h 

[ 0 0 4 8 ] [16 Ji05 coy ^fllWfflk 4 5° ^ 7 — 
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2, 93ir9l, 9 4 i: 9 6 , 95^97 (7)4 *SgEg£ 
<0*a*-&Jb-*«fiU jftfC^ if * h 1\ 6 gt^ 8 4fi-Cfc 

[ o o 4 9 ] ei 7 nmrnm <r>m2 izmfc-tzmxh 

[ 0 0 5 0 ] **jte^J-eiiu^XJ^iao»D«i^S:tC3fe ; Sr 

[0051] *mmm<nj: ? temm&tz ^ticxvm 
[0052] &±m.wvti*mm<D&mmytmme>mm 

[ 0 0 5 3 ] *Jc±eK«bfc«3l6««SrfiJfflUfc** 

[ 0 0 5 4 ] HIl 0 < I C^LSI ^ 

7P^^f 0 ^fs/^l ( |§lKR9f) TNi^**^^ 

^^<o0»S:th«:fT5 o ^x^^2 ( ^^^m.W) xn 
^tfL feinted -y^ffMi tc-^yy zmft-rz 0 
[0055] *^s/;/3 ( ^oL^NjHifi) -e^v-y 

( ^m^n-fe^) tt«riSiH?Hr^ ±IEffiEUfe^ 
[ 0 0 5 6 ] ^^fy ^5 ( P*fcf 



A) ^OI1^^ 0 ^^^/^6 ( *36) T*«x^^^ 

[ 0 0 5 7 ] mi 1 ti-hlE? ^v^n (O^7o 
-£r^-r o ^s^l l ( 8Mb) Tf±^^>0*ffiiSrift 
fb&-fr6«, ^7^i2(cvd) -ett^^^ffitcie 

^^i6( myt) xn±mwimvtcmytmm^ox 

[oo58] ^yy\ 7 ( s«o xizmytvtz.?^ 
*m&L-tz> 0 ^f^i8( ^.y&m 

«£A^<0»^SrBW»5o xTy-fl 9 ( Ui? 

[0059] ^mmm<om^^m^fb^ mmtm 

l 0 0 6 0] 

[ 0 0 6 1 ] mc*&wizJ:ti&^it>my£$f<o&u^x 

^J:t) . i/>Xrt»©i&*MS:»ia7 3/b ic^o- 

[ 0 0 6 2 ] x^(^»yx©MiimM 
v^-ob i/yxi^^-e^i^^^ t § : t ^ 
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i mi ] *3sm<D8&mimm<oxiiMi <z>k«hb« 
■ 

i ms] mi <D—w#<Dwnw 
m 

i me] ms <D—»#<o&mm 

[ (H7 ] 1215 (D— &fr(DMWm 
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i m9 i m3 <o—m:Mm,tz.mmm 

l mi o ] ^i^^i^M x (OMM^I^ 

uy?m 

PL t^l^X 
9—14 W^X 
3 5-40 Is^X^m 
3 —8 u>x# 

[ H12 ] 
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5 o mwm 
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2 u ^X&M 
5 1 )\s 
1 8 4C#ffc£#ft 

1 9 

2 1 ^^JP^A 
20 HEP A7vf — 
2 2 

2 3, 2 3 a mffi,m&^& 
2 7 V*-'^ 

2 6 Sfstote^ 

2 5 

3 0 MjSCffijBIHff^Jft 
3 1 

3 3 EM^JSl 

4 3 t — ^ — 

5 2,6 4 iAP, £IS&n00^fcft 
4 4, 4 4 a l/yXia*S- 

4 5, 4 5 a WyX#)j l/Jf 

60 —6 3, 67, 68 ✓O^^^V — V 

90,91,96,97 v >^mm^ 

92 —9 5 4 5° 57- 
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